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High-dose chemotherapy with autologous stem cell rescue for 
breast cancer: yesterday, today and tomorrow, 

Brockstein BE, Williams SF 

Department of Internal Medicine, University of Chicago, Illinois, USA. 

Metastatic breast cancer remains incurable by conventional means and is the second leading cause of all 
cancer deaths in women in the United States. Laboratory and clinical studies have shown chemotherapy 
dose intensity may be important in breast cancer therapy, and therefore clinical trials have been 
investigating high-dose chemotherapy (HDC) with autologous stem cell rescue (ASCR) for the past 
decade. Initial Phase I trials in heavily pretreated patients demonstrated good response rates but short 
survival times. The next generation of trials used HDC as initial treatment for metastatic breast cancer 
and showed improved results. Most recently, patients receive HDC after "induction' 1 chemotherapy to 
minimize tumor burden prior to HDC. Results from these most recent trials are encouraging, with 
complete remissions (CR) achievable in at least half of patients and long-term survivors noted. An 
ongoing randomized trial of HDC versus conventional chemotherapy should answer whether HDC is 
superior to conventional chemotherapy for metastatic breast cancer. Based on encouraging data from a 
preliminary trial, two ongoing randomized trials are comparing HDC versus conventional chemotherapy 
in high-risk primary breast cancer. Technological improvements, better supportive care and experience 
have all contributed to decrease the morbidity and mortality of this procedure. Additionally, 
hospitalizations have become shorter and costs may be decreasing. This review -will discuss the issues 
pertinent to this modality in the past and present, including chemotherapy regimens, stem ceil technology 
and related issues, outcomes, ongoing trials and future directions for consideration. 
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Abstract. Metastatic breast cancer remains incur- 
able by conventional means and is the second lead- 
ing cause of all cancer deaths in women in the 
United States. Laboratory and clinical studies have 
shown chemotherapy dose intensity may be impor- 
tant in breast cancer therapy, and therefore clinical 
trials have been investigating high-dose chemother- 
apy (HDC) with autologous stem ceil rescue (ASCR) 
for the past decade. Initial Phase I trials in heav- 
ily pretreated patients demonstrated good response 
rates but short survival times. The next generation 
of trials used HDC as initial treatment for metasta- 
tic breast cancer and showed improved results. 
Most recently, patients receive HDC after “induc- 
tion” chemotherapy to minimize tumor burden 
prior to HDC. Results from these most recent trials 
are encouraging, with complete remissions (CR) 
achievable in at least half of patients and long-term 
survivors noted. An ongoing randomized trial of 
HDC versus conventional chemotherapy should 
answer whether HDC is superior to conventional 
chemotherapy for metastatic breast cancer. Based 
on encouraging data from a preliminary trial, two 
ongoing randomized trials are comparing HDC 
versus conventional chemotherapy in high-risk 
primary breast cancer. 

Technological improvements, better sup- 
portive care and experience have all contributed to 
decrease the morbidity and mortality of this pro- 
cedure. Additionally, hospitalizations have become 
shorter and costs may be decreasing. 

This review will discuss the issues pertinent to 
this modality in the past and present, including 
chemotherapy regimens, stem cell technology and 
related issues, outcomes, ongoing trials and future 
directions for consideration. Stem Cells 1996;14:79-89 
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Introduction 

Despite improvements in screening and 
detection, new active drugs to treat breast can- 
cer, and improved supportive care, breast cancer 
mortality remains high, and it is estimated that 
46.000 women will die from breast cancer in 1995 
[!]. Breast cancer remains the second leading 
cause of all deaths in women 35-54 years old [ 1 ]. 

Metastatic breast cancer remains incurable 
with conventional chemotherapy, with less than 
10% of patients alive five years after diagnosis. 
Multiple drugs used alone result in response rates 
of 20% or greater in previously untreated patients. 
These drugs include doxorubicin, cyclophos- 
phamide. paclitaxel, the Vinca alkaloids ( vinorel- 
bine, vincristine and vinblastine), cisplatin, 
ifosfamide, 5-fluorouracil (5-FU), meiphalan, 
methotrexate, mitomycin and thiotepa [2, 3]. 
Used in combination, up to 20% of previously 
untreated women can achieve a complete remis- 
sion (CR) and an additional 40-50% a partial 
remission (PR) [4], Unfortunately, the median 
duration of response with conventional 
chemotherapy is less than a year and median 
survival only about two years [4], 

Clinical studies of dose intensity (total drug 
dose divided by time) have demonstrated its 
importance in breast cancer. Steep dose- 
response curves have been demonstrated in 
some breast cancer cell lines [5], Retrospective 
[6, 7] and prospective [8] analyses of women 
treated with adjuvant chemotherapy have shown 
improved outcome for those patients receiving 
the greatest dose intensity. Likewise, retro- 
spective and prospective analyses of women 
treated for advanced breast cancer have shown 
improved response rates in patients receiving 
higher dose intensity [3, 9-11], These observa- 
tions prompted investigators in the mid-1980s to 
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explore the use of high-dose chemotherapy 
(HDC) for the treatment of breast cancer. Bone 
marrow taken in large quantities from patients 
prior to chemotherapy was “transplanted” into 
these patients solely to ameliorate the severe 
life-threatening marrow suppression. 

This review will discuss the issues pertinent 
to this modality in the past and present, including 
optimal chemotherapy regimens, stem cell tech- 
nology and related issues, outcomes, ongoing 
trials and future directions for consideration. 

History 

Several investigators in the mid-1980s 
reported data on patients with a variety of 
refractory solid tumors who underwent HDC 
with bone marrow (BM) rescue [12-16]. Many 
of these patients treated on these Phase I trials 
had breast cancer. Data regarding some of these 
patients are presented in Table i. 

Notable from these early studies were the 
high response rates (CR 0%-38%, CR + PR 
62%-94%) in patients with advanced, pretreated 
breast cancer. Unfortunately the duration of 
response was disappointingly low. Mortality 
was high, with interstitial pneumonitis, hepatic 
veno-occlusive disease and sepsis accounting 
for most of the deaths. Despite the disappoint- 
ingly short period of response and the high mor- 
tality rate (9%-30%), the high response cates 
encouraged further study of this modality for 
the treatment of advanced breast cancer. 

The next generation of studies focused on 
patients who were less heavily pretreated. 
Improved outcomes relative to heavily pretreated 


patients were noted. Subsequent studies focused 
on treating minimally pretreated patients with 
“induction” chemotherapy followed by HDC. 
Theoretical benefits of this approach include: 1 ) a 
decrease in tumor burden prior to HDC in an 
attempt to increase CR rates (a requisite for long- 
term remission) and 2) selection of “chemosen- 
sitive” patients for HDC procedures, sparing 
toxicity to patients unlikely to respond to HDC. 
Important findings included: 1 ) the ability to con- 
vert patients to CR after previously achieving 
only a PR with conventional chemotherapy [17] 
and 2) long-term complete responses in a subset 
of patients. Treatment- related mortality remained 
high, however, and survival times were not clearly 
better than with conventional chemotherapy. 

Chemotherapy Drugs for HDC 

Optimal characteristics for a drug to be 
used in a dose-intensive fashion are: 1) demon- 
stration of a steep dose-response curve both in 
vitro and in vivo (i.e., small increments in dose 
of the drug result in logarithmic tumor cell kill); 
2) myelosuppression as its major acute toxicity, 
with other acute toxicities reversible; 3) lack 
of cross-resistance with previously adminis- 
tered drugs, at least in the dose range planned; 
and 4) minimal long-term toxicity. Several 
drugs, mostly alkylating agents, have emerged 
as suitable drugs. These drugs, their standard 
non-transplant doses, typical doses and major 
toxicities, are listed in Table 2. 

As with conventional treatment for advanced 
breast cancer, drug combinations appear to be 
more active than single agents. Though many 


Table 1. Results of selected high-dose chemotherapy regimens in women with advanced breast cancer treated 
in Phase 1 trials 


Author 

Agents 

No. 

Patients 

Complete 

Remission 

(%) 

Complete 
Plus Partial 
Remission 
(%} 

Median 

Response 

Duration 

(Mos.) 

Mortality 

(%) 

Peters [12] 

Cy/CDDP/BCNU 

9 

33 

89 

3.5 

27 

Antman [13] 

Cy/CDDP/BCNU 

16 

38 

94 

5* 

22 

Slease 114] 

Cy/BCNU 

10 

20 

80 

2-7 

30 

Eder [15] 

Cy/Thio/±Meiph 

8 

0 

75 

2* 

9 

Moormeier [16] 

Cy/Thio/±BCNU 

13 

8 

62 

3.5 

22 

♦Median was reported for the entire trial only. 

Cy = cyclophosphamide: CDDP = cisplatin; BCNU = carmustine: Thio 

= thiotepa: Melph = Melphafan 
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Table 2. Chemotherapy drugs used in HDC 



Drug 

Standard non-transplant 
dose (mg/m 2 ) 

Typical transplant 
dose (mg/m 2 ) 

Dose limiting 
toxicity 

* 

carmustine (BCNU) 

50-100 

300-600 

interstitial 

pneumonitis/fibrosis 


cyclophosphamide 

500-1500 

6000-7000 

hemorrhagic cystitis; 
cardiac necrosis 

V 

carboplatin 

400 

800-1800 

neurotoxicity; 

nephrotoxicity 

V 

cisplatin 

50-100 

120-180 

neurotoxicity; 

nephrotoxicity 


etoposide 

100-500 

750-1800 

stomatitis 


busulfan 

1 -8 mg/day 

16 mg/kg 

gastrointestinal; 

neurotoxicity 

♦ 

ifosfamide 

1000-5000 

6,000-20.000 

hemorrhagic cystitis; 
neurotoxicity 


mitoxantrone 

10-15 

20-90 

cardiac; 

gastrointestinal 

• 

rnelphalan 

40 

120-180 

mucositis; 
CNS toxicity 

♦ 

thiotepa 

12-60 

500-900 

neurotoxicity; 

nephrotoxicity 


combinations exist, the most commonly used 
include cyclophosphamide, cisplatin and BCNU 
[12], cyclophosphamide and thiotepa, and 
cyclophosphamide, thiotepa plus carboplatin. 
Recent trials have incorporated drugs such as 
etoposide, ifosfamide. mitoxantrone and Taxol®. 
A more exhaustive list of combinations used can 
be found in Table 3. 


Stem Cell Rescue — Technology and Issues 

In the doses currently used, HDC induces 
a state of bone marrow aplasia. In the absence of 
stem cell support, the prolonged aplasia could 
be fatal. Initial trials used bone marrow as a 
source of “stem cell rescue” (SCR). Prior to 
receiving high-dose chemotherapy, patients are 
taken to an operating room where, under gen- 
eral anesthesia, one to two liters of bone mar- 
row are aspirated from the iliac crests bilaterally 
using multiple punctures. These cells are then 
cryopreserved with dimethylsulfoxide (DM SO) 
as the cryoprotectant. Approximately six to ten 
days afteT starting chemotherapy, these cells are 
rapidly thawed and transfused through a central 
venous catheter into the patient under careful 


observation at the bedside. Limiting factors to 
this method have included: 1) the inability to 
use the bone marrow of patients with known 
marrow metastases; 2) marrow hypocellularity in 
patients having had extensive prior chemother- 
apy or radiation therapy; and 3) inadequate num- 
bers of hematopoietic precursors in a given 
harvest with subsequent delay in engraftment. 
This led in the late 1980s to the successful inves- 
tigation of “peripheral stem cell harvesting” 
(PSCH). Progenitor cells are separated or “leuka- 
pheresed” by a continuous flow cell separator 
from a venous access device in outpatients. 

Using PSCH, it is possible not only to treat 
patients with tumor cells in their marrow and 
patients with low marrow cellularity, but also 
to acquire, by repetitive apheresis procedures, a 
predesignated number of stem cells likely to be 
adequate for hematopoietic recovery. Rapid 
reconstitution of bone marrow has been found to 
correlate well with the number of transfused 
colony forming units-granulocyte monocyte 
(CFU-GM) cells. Unfortunately, assessment of 
the CFU-GM number takes 10 to 14 days, and 
therefore more rapidly assessible surrogate 
markers must be used to determine the number 
of necessary daily leukapheresis procedures. 



82 


HDC with ASCR for Breast Cancer: Today.., 


Brocks 


ca ri. 

I 22 


_ - * V \ 

I - 5 x Q i 

c X ! o 

o 


a > 


4) 

oil i 


Cu -5 
H c 
H 2 


Oi 

^ U — 

* a £ 

* u ~ 
U 


§ I £ 2 £ 


0£ 3 
U 2 £ 




o 

> 

*X & 
a on 

2 E 


a ! 

a 

Cl 


X 

3 

CL 

~3 

3 t 

■S S 

00 I 

^ I 

± i 

X I 


4> >s 
0.-0 
?*> 3 
^ 60 


£ o 


Pi 2 


IV", 

■ 

r- 

* 

rr, 

* 

* 

X 

O' 

LA, 



oc 

O' 











; r- 



X 

m 

fA. 

n 


0 

i 

! r~ 
i 

i 

1 

r- 

3 C 

00 

'A, 

X 




1 

1 

! m 

Tf 

p- 



ri 



'St 

i 

1 CN 

1 

| 

IV", 

CM 

*+ 

r^, 


r -4 


'St 


1 ^ 



ITi 



ON 


X 

i 

! «T 5 

n- 



iZ 


LA, 


LA, 


I rj 


iTi 

ON 

rN 

ON 

LA. 


00 

'St 

ri 

rj 



“ 

^t 





CL 

a x 

I □ z 

t- 

H 

c- 5 

H Z 

X 

U 

c-T 3 
r“ cj 
E— C 

6 £ 

CN 

'o 

■£ VO 

so 

— 

a- Q 

c 3 * £ 

i (J o 

! 

s u 

U 

° il 

H 

U 

-o 

u X 

A O. 

X 

>. 

u 

a 

Cy, V 
CD 

x ^ 
Q 


^ si 

-r= 

> E T 3 

£ d c 

U _C — 

CL U 5-- 




oo 




ri 

CN 

m 

r<l 

m 

't 

CO 

O' 

ON 

ON 

ON 

ON 

ON 

ON 

ON 


C\ 

0 








c*', 

ah 


rT 





oo 



ri* 

a- 

r", 

'T 

*0 

NO 

m 


“5 


1-1 

rt 

■a - 

a- 

Tt 


“S3 


c 

c 




1_p — 


2 

.3 

3 

-c 



SO 





6C 


2 

| 

5 


*< 

1 



£ 

C 

«o 

tA 


U 


O 

Wj 

0 

X 

a 

C3 

CJ 




X 

U 

a 

X 

x 

a 

1 - 

Cl- 

E 

u 

0 

^ 0 

O L> 
O 

X 

<v> 

3 

L- 

c 

D 

a 

c 

a 

a 

X 

OJ 

z 

H 

on 

2 

G* 

u = 

0^ 


— ir, 


Q H 
U H 


X 

: u 
o-h * > 5 - 

(U C“ ■“■ ^ 

r j 


X (N 

~ X 


$a 


c 

o 

Q 2 

_ u 

2 "2 


c £ 
.2 CL 

3 > 


Q .3 

2 : e 

IS <3 

<j <y> 

c £ 

I N 
§1 


3 

^ 3 
s S' 

a 2 
cl - a 

U >. 

£ 11 
C a 

v- <u 
a -O 

x >. 

<u I 

c 

O .5 

* w 

* rt 

* Q. 

U x 

£ * 

X 3 

ao II 

.2 xi 
> U B 
OJ ■ * c 

u 3 -3 
U CL £ 
<- OJ « 

c 2 ei 

= £2 
On a 

oo II 
c 

*•5 


IS 


4) 
£ 

w S ~ 
.E * H 

«£ Cl£- 
c .£ fc 

4) O ^ 

S 11 s 

CUD- U 

“ a i 

.o o 2 


= S 7 . 

.2 3 e 
■— x a 
o a- 

3 W5 <3 

•o o X 

C X CL 

£ 2 g 
o u 

> II 
— o _ 

| 11 jL 

•5 >» » 
* u £ 


Tradit 
(MNC 
adequ; 
been s 
plateh 
numbc 
gen Ci 
with tl 
invest 
betwet 
recove 

Mobili 

In 

used p 

patien 

been s 

hemat( 

genitoi 

the per 

period 

the whi 

morefi 

lection 

more r< 

Colony 

and dur 

hematc 

Micros 
Produi 
Bi 
shown 
BM an 
genic 
chemot 
increas 
clinica 
BM or 
tumor c 
that in 
4%-48 f 
chemic; 
BM [It 
several 
whethe 
ened oi 
cations 
cells in 
a direc 
leukem 
[34] an 
for pub 


> 


83 




♦ 


<# 


Brockstein, Williams 


Traditionally, the number of mononuclear cells 
(MNC) apheresed has been used to determine 
adequacy of apheresis, but the MNC number has 
been shown to correlate poorly to neutrophil and 
platelet recovery [18, 19]. More recently, the 
number of cells bearing the early stem ceil anti- 
gen CD34 has been shown to correlate linearly 
with the CFU-GM number [18, 20], and several 
investigators have found a strong correlation 
between CD34 positive cell counts and the rapid 
recovery of neutrophils and platelets [ 1 8, 2 1. 22]. 

Mobilization Methods 

Initial attempts to reconstitute hematopoiesis 
used peripheral stem cells (PSC) harvested from 
patients in an unstimulated steady state. It has 
been shown, however, that during the period of 
hematologic recovery from chemotherapy, pro- 
genitor ceils are found in increased numbers in 
the peripheral blood. Leukapheresis during this 
period of recovery (optimally from about the time 
the white blood cell [WBC] count reaches 1000 or 
more from a hematologic nadir) results in the col- 
lection of greater numbers of precursor cells and 
more rapid neutrophil and platelet recovery' [23]. 
Colony stimulating factors (CSFs) given prior to 
and during leukapheresis, may improve the rate of 
hematological recovery even further [23]. 

Microscopic Contamination of Stem Cell 
Products 

Breast cancer cells have recently been 
shown to have the capacity to contaminate both 
BM and PSC collections and to possess clono- 
genic properties in vitro [24]. The use of 
chemotherapy and CSFs to mobilize PSC may 
increase the degree of contamination [25]. The 
clinical significance of contamination of the 
BM or PSC harvest product by small numbers of 
tumor ceils is not clear. It has been demonstrated 
that in patients with early stage breast cancer, 
4%-48% of patients will have immunohisto- 
chemically detectable breast cancer cells in their 
BM [26]. These patients do not all relapse, and 
several studies looking at outcome disagree as to 
whether these cells are correlated with wors- 
ened outcome [27-31]. Recently several publi- 
cations have shown that the presence of tumor 
cells in stem cell harvests may mark for, or have 
a direct deleterious effect on outcome in 
leukemia [32], lymphoma [33], neuroblastoma 
[34] and breast cancer ( Brockstein , submitted 
for publication). 


Concern over the systemic spread of conta- 
minating tumor ceils has led several investiga- 
tors to attempt to eradicate these cells with various 
forms of purging (negative selection). This 
includes the use of cytotoxic drugs, immunotox- 
ins and monoclonal antibodies in combination 
with complement or magnetic microspheres [35]. 
Alternatively, selective reinfusion of progenitor 
CD34 stem cells (positive selection) is being 
investigated by others [36), Currently, most HDC 
trials are conducted without stem cell purging. 


Outcomes/Results 

HDC for Metastatic Disease 

Currently multiple academic centers, aca- 
demic affiliates and recently, community hos- 
pitals are involved in HDC for breast cancer. 
Though early results are promising, HDC has 
not yet conclusively been shown to improve 
upon the survival results of standard dose 
chemotherapy. Unfortunately, the dissemination 
of this complicated, costly and potentially dan- 
gerous technology into widespread use outside of 
research settings may inhibit the appropriate 
evaluation of this modality. 

The Autologous Blood and Marrow 
Transplantation Registry (ABMTR) is composed 
of many of the large institutions performing 
HDC with autologous stem cell rescue (ASCR). 
Compilation of data through this organization 
has allowed evaluation of HDC with ASCR in 
large numbers of patients. In 1992, over 900 
patients underwent HDC with ASCR for breast 
cancer (550 for advanced disease). In 1994, the 
ABMTR reported a two-year probability of sur- 
vival of 35% ± 4% in stage IV patients [37]. 

Table 3 lists data for selected published tri- 
als of HDC with ASCR for breast cancer 
[38-49]. Note that regardless of the preparative 
regimen, CR rates are consistently 35%-60% 
with overall response rates of 60%-100%. 
Median duration of response ranges from 6-15 
months from the time of HDC with median 
overall survival from 10-22 months from the 
time of HDC. 

Several points deserve mention in the inter- 
pretation of the data in Table 3. First, most of 
these recent studies have required patients to 
have demonstrated chemotherapy-responsive 
or at least stable disease. Therefore, response 
rates will generally be higher than for patients 
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not undergoing induction chemotherapy. Note 
too that survival times are generally reported 
from the time of HDC and, therefore, would be 
four to eight months longer if the time from 
diagnosis of metastatic disease were used. 

Direct comparisons between HDC and con- 
ventional dose chemotherapy are lacking, 
although a randomized trial is in progress. A 
recent review of early published studies made 
indirect comparisons between reports of outcome 
with HDC and conventional chemotherapy. 
Response durations and overall survival rates 
were similar [50]. Caution must be used in draw- 
ing conclusions from such comparative analyses. 
Selection bias of eligibility criteria, aggressiveness 
of disease, and patient motivation and insurance 
status are a few factors which may invalidate such 
non-randomized comparisons. 

Several investigators have examined out- 
come as a function of either response to induction 
chemotherapy or disease status <CR, PR, etc.) 
prior to HDC. In one large series, the three-year 
survival in patients in CR prior to HDC was 47# 
± 12%. For patients in PR prior to HDC it was 
18% ±9% [51]. 

Other investigators have found different 
prognostic factors for improved outcome for 
HDC for breast cancer. Dunphy et al. found lack 
of disease in the liver or soft tissues to be asso- 
ciated with improved outcome, as were a dis- 
ease-free interval greater than a year and a small 
number of metastatic disease sites. Notably, 
patients with prior adjuvant chemotherapy did 
worse, and response to induction chemotherapy 
was not a prognostic factor [49]. 

Initial reports in early studies demonstrated 
mortality rates from transplant of 9%-30% 
(Table 1 ). With improved patient selection, bet- 
ter supportive care and experience, mortality is 
presently under 5%. 

HDC for High-Risk Stage II or III Disease 

Patients with >10 involved lymph nodes at 
the time of diagnosis have an 80%-90% chance 
of disease recurrence over 10 years without adju- 
vant chemotherapy. With adjuvant chemother- 
apy, this number can be decreased, but most 
women will still die of their disease. Since high- 
dose chemotherapy can improve remission rates, 
and since the optimal setting for success may 
be in patients with minimal disease, HDC is 
being investigated as a more effective method 
of adjuvant chemotherapy. 


Peters et al. reported on 85 stage II and III 
breast cancer patients with 10 or more involved 
lymph nodes. All patients received four cycles of 
cyclophosphamide, doxorubicin, and 5-fluo- 
rouracil (CAF) followed by high-dose cyclophos- 
phamide, cisplatin and BCNU, followed by stem 
cell support with BM or BM + PSC with or with- 
out CSFs. Twelve percent of the patients died of 
therapy-related complications. The actuarial 
probability of relapse at 30 months was 19%. 
The event-free survival at 30 months was 72%. 
Comparison to historical controls showed a 
statistically significant improved outcome [52]. 

Toxicities 

While the mortality from HDC has greatly 
decreased, acute and late toxicities remain 
troublesome. 

Hematologic 

Mveiosuppression is, almost by definition, 
universal. Although red blood cells will always 
decrease, this limitation can be fairly safely 
overcome with packed red cell transfusions. 
Thrombocytopenia and neutropenia are much 
more menacing problems. 

While platelet needs can usually be met 
initially with transfusion, repetitive transfusion 
often leads to alloimmunization and platelet 
refractoriness. In this setting gastrointestinal, 
genitourinary and central nervous system bleed- 
ing can be a source of morbidity and occasional 
mortality. The use of peripheral stem cells has 
led to earlier platelet engraftment (11-17 days) 
[18, 21. 53-56] which may result in fewer bleed- 
ing complications. Numerous CSFs have been 
used to attempt to ameliorate this toxicity, but 
unfortunately with much less in the way of ben- 
eficial effects on platelets as on neutrophils. 
The recent cloning of thrombopoietin [57] 
brings great hope toward minimization of the 
problem of persistent thrombocytopenia. 

Neutropenia and leukopenia and the resul- 
tant bacterial and opportunistic infections have 
been a major source of morbidity and mortal- 
ity in HDC patients. Prior to the use of CSFs, 
median time to neutrophil recovery (absolute 
neutrophil count [ANC] >500) was approxi- 
mately 20 days [41, 53, 56]. The use of CSFs 
and the addition of peripheral blood progenitor 
cells (PBPC) have decreased it to approximately 
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13 days [18. 21. 54-56]. Selection of CD34 + 
cells and their expansion in vitro prior to rein- 
fusion raises hopes of even quicker neutrophil 
engraftment. decreased morbidity and mortal- 
ity, and decreased hospital stays and costs. 

Myelosuppression is often the dose- limiting 
toxicity with HDC agents when given in con- 
ventional doses. Nonhematological loxicities. 
however, define dose-limiting toxicities in the 
transplant setting, and these toxicities are an 
important source of complications. 

Non hema to log ic T oxi ci ty 

Pulmonary toxicity is a major source of 
complications. Drug toxicity from BCNU, 
cyclophosphamide or busulfan. pulmonary alve- 
olar hemorrhage related to recovery of neu- 
trophils. volume overload, radiation pneumonitis 
and fibrosis, may complicate pneumonia or 
independently cause problems. In patients 
receiving BCNU, up to 3 1 % [52 J will have acute 
or chronic symptomatic toxicity with shortness 
of breath, cough, fever and a marked decrease in 
carbon monoxide diffusing capacity. Early insti- 
tution of corticosteroids usually reverses the 
clinical symptoms, although measurable pul- 
monary function abnormalities may persist. 

Hepatic veno-occlusive disease has also 
been a source of morbidity and mortality. This 
clinical syndrome marked by right upper quad- 
rant pain, elevated bilirubin, weight gain and 
hepatomegaly is felt to be a direct toxicity of 
chemotherapy and/or radiation. Early diagnosis 
may be possible by doppler ultrasonography 
[58]. Low-dose heparin, though unproven, has 
been used in its treatment, but has been proven 
ineffective prophylactically [59]. 

Other important and frequently encountered 
toxicities include: l) nephrotoxicity from ampho- 
tericin, aminoglycosides, and other drugs, or as 
part of a syndrome of multi-organ system failure: 
2) gastrointestinal toxicity including mucositis, 
vomiting and diarrhea; 3) hemorrhagic cystitis; 
and 4) cardiac toxicity related to anthracyclines 
[60] and cyclophosphamide. The hemolytic uremic 
syndrome (HUS) has been reported in up to 8% 
of breast cancer patients recovering from HDC 
[52] and up to 10% of lymphoma patients [61]. 
Complications can also occur months to years 
after HDC, Myelodysplasia and/or acute leukemia 
has been reported in patients after HDC [62]. 

While neutropenia resolves in weeks, mea- 
surable defects, particularly in cell-mediated 
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immunity, are notable for about a year after 
HDC [63]. As a result, opportunistic infections 
are common in the first year after HDC. Two 
large series found 23%-34% of patients to have 
a manifestation of varicella zoster virus in the 
first several years after HDC [52. 64]. 

Thus nonhematologic toxicity can pose seri- 
ous short-term problems as well as long-term 
sequelae. 

Supportive Measures 

In 1994. the American Society of Clinical 
Oncology recommended as “reasonable" the rou- 
tine prophylactic use of CSFs after HDC [65]. 
Compared to patients treated without CSFs, 
patients receiving granulocyte colony stimulating 
factor (G-CSF) achieved an ANC >500 earlier 
than those not receiving CSFs [65-67]. 

The serotonin receptor antagonists 
ondansetron and granisetron have improved the 
tolerability of HDC by decreasing its emeti- 
genicity [68], Prophylactic antibiotics are fre- 
quently used to prevent infection. In particular, 
antibacterials such as ciprofloxacin and van- 
comycin, antifungals such as fluconazole, and 
antivirals such as acyclovir, may decrease the 
risk of infection associated with HDC. Standard 
"’neutropenic precautions" including a low bac- 
terial and fungal diet, minimization of invasive 
procedures, and mask-wearing, are routinely 
used. Patient rooms generally have high effi- 
ciency air filtration systems, and some centers 
treat patients in laminar flow rooms. Other more 
rigid preventive measures have not been shown 
to be helpful and may make for an even more 
isolating or depressing period for patients 
already separated from their family and friends 
and under tremendous stress. Regular interven- 
tion with a team of mental health professionals 
may also be beneficial. 

Ongoing Randomized Trials 

Preliminary data are promising for 
improved outcome in breast cancer patients 
undergoing HDC. Patient selection has, how- 
ever, hampered direct comparison of HDC to 
conventional chemotherapy both for patients 
undergoing treatment of metastatic disease as 
well as patients receiving adjuvant therapy. It 
is hoped that large-scale randomized trials will 
definitively answer these questions. 

In North America, the Philadelphia Bone 
Marrow Transplant Group is randomizing 
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patients with stage IV breast cancer to treat- 
ment with CAF x 6 cycles versus CAF x 6 
cycles followed by cyclophosphamide, thiotepa 
and carboplatin. The CALGB together with 
some SWOG institutions are randomizing stage 
II and HI A patients with >10 involved lymph 
nodes to four cycles of CAF followed by either 
high-dose cyclophosphamide, cisplatin, and 
BCNIJ with stem cell support or intermediate 
doses of these same drugs without stem cell 
support. Radiation is given post-transplant to 
both groups, and tamoxifen to receptor-posi- 
tive patients. The ECOG and some SWOG cen- 
ters are randomizing patients to CAF x 6 alone 
or followed by high-dose cyclophosphamide 
and thiotepa with stem cell support. 

Other European trials are ongoing. Accrual 
to these trials is necessary to determine the 
appropriateness of this therapy. 

Future Directions 

That HDC for breast cancer has the poten- 
tial to cure only a small fraction of patients man- 
dates improvement in methods for eliminating 
systemic tumor. Our cost-conscious health care 
system will demand cost-effective treatment 
modalities. The morbidity and mortality, though 
decreasing, needs to decrease further. These 
three areas remain the focus of research in HDC 
for breast cancer. 

Several approaches are targeted at improved 
tumor elimination. These include: 1) incorporation 
of new drugs into preparative regimens; 2) tan- 
dem, or multiple cycles of HDC followed by 
stem cell rescue [69]; 3) post-transplant 
immunomodulation aimed at inducing an anti- 
tumor effect [70]; and 4) bone marrow or PSC 
purging to eliminate contaminating tumor cells. 

Improvements in stem cell technology and 
supportive care should decrease the cost of HDC 
for breast cancer [71] (recently estimated at 
$89,000 in 1985 dollars [52]). Improvements in 
CSF should lead to earlier engraftment. Stem 
cell expansion should decrease leukapheresis 
expenses and improve engraftment and thus 
decrease time spent in the hospital. The recent 
isolation and synthesis of thrombopoietin brings 
hope for fewer bleeding complications, shorter 
hospital stays and decreased expenses and risks 
related to platelet transfusions. Additionally, sev- 
eral centers are reporting results of outpatient 


HDC which may further decrease both the 
resources needed for and the costs of HDC. 

Finally, randomized clinical trials should 
determine if HDC improves on outcome. 
Regardless of the results of these trials, it is incum- 
bent on researchers to improve outcome and 
decrease the cost and morbidity of this procedure. 
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